The effects of soil and residue management factors (tillage, post-harvest crop residue management and winter cover crops) and crop rotation (wheat following two barley crops, wheat following ryegrass) on taketake-all was very high in plots that had previously grown barley, and very low in plots that followed ryegrass. Take-all incidence was also much greater in plots that were disced than in plots that were directdrilled. Differences in soil pH and in plant emergence were also recorded between disced and direct-drilled plots, but there was no evidence that they caused the increased levels of take-all. There was a tendency towards reduced yields in the disced plots that had severe levels of take-all.
INTRODUCTION
that farmers manage their soils to maintain adequate soil organic matter contents. Management options chosen to maximise soil organic matter may increase or decrease the risk of soil-borne diseases.
Wheat and barley are susceptible to the soil-borne disease take-all (caused by Gaeumannomyces graminis var. tritici susceptible crops. Tillage (minimum or conventional) when compared to direct drilling (also known as no-tillage) was reported in some situations to aid the breakdown of
In some other studies, direct drilling has been associated with reduced take-all, have reported no or inconsistent differences in the level of take-all infection between minimum tillage and direct drilling.
have highlighted the need for better understanding of the factors that affect management and residue management factors (tillage), post-harvest crop residue management, winter cover crops and crop rotation on the incidence of take-all disease.
MATERIALS AND METHODS
an area that had a history of arable cropping. The trial was a randomised block design with three replicates of 12 treatments (Table 1) , consisting of two tillage types (discing, direct drilling), two post-harvest residue management treatments (retained, removed) and treatments were applied to each successive winter and main crop. The exceptions to this were the ryegrass plots, which remained uncultivated from sowing in April 1999 until For each crop, the disced plots were disced twice, cultivated twice with a maxitill at plots were only disced once before secondary cultivation. For the winter crops, the plots applied adjacent to the seed. Each year the oats plots were grazed once in August. The times in the second year and twice in the third year.
they were applied after harvest of the main crop in March. Ryegrass straw was either evenly spread over the plots (i.e. residue retained) or removed to the edge of the plots (i.e. residue removed) by hand. For the barley plots, residues were either evenly spread were applied as required throughout the trial. 
RESULTS
incidences of take-all at all severity levels, being approximately ten times that of plots following ryegrass (Table 2) . Overall, take-all incidence was much greater in plots that plots respectively. There was no such difference where wheat followed ryegrass, incidence being uniformly low in all plots.
There was a general trend towards a greater incidence of take-all where residues
There was no residue effect where wheat followed ryegrass and take-all incidence was uniformly low. Where wheat followed barley, the residue effect trend was greater in were apparent for the incidence of severe take-all (Table 2 ). Severe take-all 4
Residue (mean of all levels of crop and tillage)
Retain Remove
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As well as differences in take-all severity, there were differences in soil pH and in plant establishment between no-till and disced plots. The direct-drilled plots had a 2 2 in direct-drilled plots). In order to gauge whether soil pH, plant population, or both may have affected take-all incidence, these factors were compared with take-all in each plot where wheat followed two barley crops (Fig. 1) . Wheat plots following ryegrass were excluded due to their uniformly incidence (Fig. 1) . There was also little overlap in the incidence of plants with severe direct-drilled plots. between plant population and take-all incidence or incidence of plants with severe take-all in either direct-drilled or disced plots (Figs 1a & 1b) . The range in plant density was similar for direct-drilled or disced plots, but take-all incidence was higher in disced plots than in direct-drilled plots irrespective of plant density (Fig. 1a) . Amongst disced plots, there was greater variation in incidence of severely infected plants than in total disease incidence (which was high in all plots) but, again, there was no evidence for a relationship between plant population count and take-all (Fig. 1b) .
were three instances for each tillage treatment. Incidence of take-all, or severe take-all, was considerably greater in each of the disced plots than the direct-drilled plots.
Figs 1e & 1f). It is possible that there is a relationship between pH and take-all incidence when the full range of pH values are examined. However, it is not possible to separate between pH readings for the two tillage treatments.
a trend towards greater yields following discing than direct drilling, although this was the other crops and greater following direct drilling than discing. When averaged over all the treatments, there was a poor relationship between the relationship was primarily a result of the large variation in yield amongst the directdrilled plots that was unrelated to take-all incidence, which was low in most plots (Fig.  2a) . In contrast, the disced plots showed a moderate relationship between the incidence decrease with increased take-all incidence. DISCUSSION Take-all was severe in some plots in the third year of the trial, when all plots were sown in wheat. The incidence of take-all was high where wheat followed two barley crops and low where it followed two ryegrass crops. Crop rotation is known to have a barley, and ryegrass usually being a suitable break crop to reduce disease risk (Hardwick After the effect of previous crops, the greatest difference in take-all was between plots that had been disced, where incidence and severity were high, compared with plots that had been direct-drilled, where incidence and severity were low. The majority of studies, no differences in the level of take-all between direct drill and minimum tillage (Sutton reported between minimum tillage and direct drill, it was largely direct drill that was 1996), although such tillage effects appeared to be restricted to environments where Increased microbial activity was also cited as a contributing factor to lower take-all in However, some studies have reported less take-all in direct-drilled plots but often in was thought to be caused by both greater inoculum distribution and deeper inoculum causing more disease. That study also highlighted the fact that complex interactions can occur between soil factors and disease expression, since shallow cultivation had both lower inoculum and infectivity levels at all soil depths than both direct drill and deep inoculum (distribution, infectivity and survival), soil (bulk density, pore size and the work of Roget et al. (1996) who reported that slightly different drilling tips on the same direct drill produced different levels of take-all in different years and sites.
In this trial, the higher take-all levels in wheat plots after discing than with direct drilling may have been due to one or more factors. Tillage may have directly affected the severity of disease in various ways. It may have spread the inoculum in the soil, leading to greater opportunities for infection, as suggested by Cotterill & Sivasithamparam reducing inoculum and therefore disease. Tillage may also have had indirect effects on take-all severity in this trial. For instance, soil aeration has been demonstrated to increase Soil pH differences were recorded between tillage treatments and mean plant density has been linked to indirect effects, such as the availability of trace elements important in lime being incorporated by discing. Recent liming has been reported to result in more indicated that the higher pH values were probably not responsible for the lower take-all higher soil pH in disced plots than in direct-drilled plots was at least partly responsible for the difference in disease. However, the absence of an overlap in pH between these two sets of data makes it impossible to separate pH from any other effects associated with tillage method. It certainly appears that there was little or no effect of pH over the There have been reports that higher plant densities can increase the level of take-all associated with an increased density of roots in the soil. The consistently higher incidence of take-all in disced plots than direct-drilled plots over the same range of plant population suggests that plant population was not associated with take-all in our trial.
There appeared to be other, smaller treatment effects on take-all. The slight increase in take-all where a winter green-feed oat crop was grown rather than being left fallow may have been due to a slight host effect. Cropping of oats as a main crop is consistently results appeared less clear-cut. For example, oats as a summer break crop were as effective as a fallow when followed by ploughing, but not direct drill, in reducing take-all in a Take-all incidence was also slightly higher where residues were retained rather than The extent of severe take-all reported here in the wheat plots that followed barley would there was a tendency towards reduced yields in the disced plots that had severe levels of it appeared that the epidemic was late since the wheat crop had no height difference between the different tillage treatments. Conditions were also cool and moist during of take-all did not differ between tillage treatment, there were small but consistently incidence and severity of take-all in wheat. The results of the trial indicate that tillage can also affect the incidence of take-all. However, it is likely that soil or other factors management on take-all of winter wheat caused by Gaeumannomyces graminis var. tritici by the take-all fungus of wheat. Proceedings of the Indian Academy of Sciences, Polley RW, Thomas MR 1991. Surveys of diseases of winter wheat in England and nutrient availability as factors contributing to take-all of wheat upon soil liming.
Roget DK, Neate SM, Rovira AD 1996. Effect of sowing point design and tillage practice on the incidence of Rhizoctonia root rot, take-all and cereal cyst nematode in wheat
